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Prostatecanceris the mostcommonmalignancyin US men (morethan 165,000casesperannum)and

_ii!ii' occurssubstantiallymorefrequentlyinblacksthaninwhites.Thecausesof thisdiseaseare,however,poorlyunderstood.Alcoholconsumption,whichhasbeenclearlymated to malignanciesof the upperaerodigestive
tract,mayalsoincreaseriskof canceratothersites,includingthe prostate.Theauthorsinvestigatedalcohol

useasa riskfactorfor prostatecanceramongUSblacksandwhites.A population-based,case-controlstudy i__wascarriedoutamong981 men(479blacksand 502whites)withpathologicallyconfirmed'prostatecancer
diagnosedbetweenAugust1, 1986,andApril30, 1989,and1,315controls(594blacksand721 whites)who

ii _i!i residedinAtlanta,Georgia;Detroit,Michigan;and10 countiesinNewJersey,geographicareascoveredby |
::i'! threepopulation-basedcancerregistries.In-personinterviewselicitedinformationon alcoholuse andother

factorspossiblyrelatedto prostatecancer.Comparedwithnever-users,riskfor prostatecancer increased
withamountof alcoholdrunk(X=t,_n,p < 0.001),with significantlyelevatedrisksseenforthosewho had
22-56 drinksper week(oddsratio= 1.4;95% confidenceInterval1.0-1.8) and57 or moredrinksper week
(odds ratio = 1.9; 95% confidenceinterval1.3-2.7). The findingwas consistentamong blacks(X=t_d,
p < 0.01)andwhites(X2t,,,na,p < 0.05),andamongyoungandoldsubjects;itwasnotrestrictedto a specific

i'ii_ii typeof alcoholicbeverage.InthisfirstlargestudyamongUS blacksandwhites,increasedriskforprostate
ii:_ili cancerwasassociatedwithincreasedalcoholuse.Theriskwassimilarfor whitesandblacksand couldnot

be attributedto tobaccouseorto a numberof otherpotentialconfounders.Am J Epidemio11996;143:692-7.

alcohol;case-controlstudies;prostaticneoplasms

Prostate cancer is the most frequently diagnosed ynx, larynx, esophagus, and liver (2), and there is
cancer in US men, with more than 165,000 new cases growing, but as yet inconclusive, evidence that it is
annually. Incidence rates of this disease are 27 percent related to more moderate increases in risk for malig-
greater and mortality is more than twofold greater in nancies at other major organ sites (3, 4), including the
US blacks compared with whites (1). The causes of prostate (5-7). The common occun_nce of prostate
this disease are poorly understood, as are the reasons cancer implies that even moderately increased risks
for the ethnic difference in occurrence, may have substantial public health significance.

Alcoholic beverage consumption has been causally Therefore, data from a large population-based, case-
related to malignant tumors of the oral cavity, phar- control study were used to investigate alcohol con-

sumption as a potential risk factor for prostate cancer
!!iii'l Received for publication December 18, 1994, and In final form among US blacks and whites.

January 31, 1996.
Abbreviations: el, confidence Interval; OR, odds ratio.
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_i! Alcohol Use and Prostate Cancer Risk

.s.A :- 11
iii!iiiiiiiii!iii:itan Detroit Cancer Survei ance System (Wayne, justment for age (40-49, 50-54,...70-74, 75 or more

mm i_iiiii:_iI Oakland, and Macomb counties), and the New Jersey years), for study site (Atlanta, Detroit, or New Jersey)
iiii!iiiiliZiii::il_:State Cancer Registry (10 New Jersey counties), and, when appropriate, for ethnicity (black or white).

ii!!iiiiii!iiiii!ii!!iII Study eligibility In selected analyses, possible confounding factors......... were included to assess the independenteffect of al-
i!_ii!ii_!ilCases tbr this study were men aged 40-79 years, cohol use on prostate cancer risk. To test for trend2
ii!ii!ii::ilI identified from pathology and outpatient records at (X _,d), the exposure variable was treated as contin-
iiii:_i_iiiii hospitals covered by these registries, and newly diag- uous in the model by entering the median value for
iiii::_:_i nosed with pathologically confirmed prostate cancer _ each level of the categorical variable among the con-
ii:i:!i between August 1, 1986, and April 30, 1989. Identi- trois. The population attributable risk was estimated
iiii!_i fled cases were included for study on the basis of a for blacks and whites, with adjustment for age and
iliiii study site-, age-, and ethnicity-stratified ,sampling study site (10) by utilizing weighted estimates to ac-
_:::_::::scheme to ensure representation of both blacks and count for the sampling of subjects for inclusion in this

whites of a broad age range. On the basis of estimated study...... incidence rates and projected participation rates, we
:i)_i!::iplanned for 811 case interviews.
i::i?ii::
_ii_I Population controls were selected in the three geo' Study subjects
i_::_ graphic areas proportional to the expected age, sex, In total, 1,292 cases selected by following the case
::!ii:_iland ethnic distribution of the combined cases for the sampling scheme and 1,767 controls were identified
:i:i:ii_: four cancer sites. Controls younger than age 65 years for study. Interviews were obtained for 988 cases (76
!!i:i:ii were selected by the Waksberg method of random: percent) and 1,336 controls (76 percent). Among
:ii:_i:i

_iii_i digit dialing (8); older controls were selected by ran_ cases, nonparticipation was due to refusal (10 percent),
iii:i dom sampling from the computerized records of the sickness (6 percent), death (4 percent), and other rea-
ii_: Health Care Financing Administration. The control sons (4 percent) andvaried by study site (Atlanta, 23
_iiill interview target was 1,557 subjects, percent; Detroit, 21:percent; New Jersey, 26 percent).
i::i:ii After accounting for nonresponse in the initial phase
!_ Data collection of screening for eligibility among random digit dialing

In-person interviews were conducted for the cases contacts (screening rate, 86 percent), the response rate
'ill:: and controls, usually in the subjects' homes. Prostate for controls was 7l percent (Atlanta, 77 percent; De-

i::ii cancer cases and male controls were questioned about troit, 72 percent; New. Jersey, 67 percent). Six cases
.... a number of factors, including demographics, occupa- and six controls were dropped from the analysis be-
i:i tional history, family history of cancer, dietary intake, cause of incomplete interviews. Sixteen subjects (one
_i :

; is !_ and tobacco and alcohol use. Alcohol drinkers were case and 15 controls) were excluded due to a prior
t is i_.:_ defined as subjects who reported having at least one history of prostate cancer. The final study group con-
lig- :iii: drink of beer, wine, or :liquor per month for at least 6 sisted of 981 cases (479 blacks and 502 whites) and
the _::_:_:months. The u._ualnumber of drinks per week for each 1,315 controls (594 blacks and 721 whites). Fewer
rate ii__i! type of alcoholic beverage was derived from question- than 1 percent of the respondents did not provide!_ :i!:

sks !ii!i! naire data on weekday and weekend usual adult con- information on: usual intake of wine, beer, or liquor

tee. !iiiii::: sumption. The number of glasses, bottles, and cans of and were excluded from the relevant analyses.
tse- ii_:!iiiiieach type of beverage reported by the subject was

on- _ : converted into number of drinks per week, based on
the following equivalencies: one drink = 12 ounces RESULTS

cer !_:_!i:::i(354.8 ml) of beer = 4 ounces (118.3 ml) of wine = The overall risk for prostate cancer associated with
_:::ii_:::il.... 1.5 ounces (44.4 ml) of liquor. Consumption was consumption of alcohol was only marginally elevated
i:i:: categorized as light (seven or fewer drinks per week), (odds ratio (OR) = 1.2) for both blacks and whites
_:iiii! moderate (8-21 drinks per week), heavy (22-56 (table 1). Risk increased, however, with amount

drinks per week), and very heavy (57 or more drinks 2

(X _,d, P < 0.001) and was significantly elevated
me per week). Also collected were the age when drinking among both those who had 22-56 drinks per week and
the started and stopped foreach type of alcoholic beverage those who had 57 or more. The f'mdings were similar
ny- and the number of years of consumption, among blacks (XZtr_nd,p < 0.01) and whites (Xzt_,d, p
;cts ii_iiii!: < 0.05). Among both blacks and whites, risk associ-
on- iiiiiii_ Statisticalanalysis ated with alcohol use was similarly increased among

_i!!i:!:

cer iiiiiiiii_ Odds ratios for prostate cancer were estimated by both recent (current drinker or quit in the last year) and
ml- ii:!iiiiiiii:unconditional logistic regression analysis (9), with ad- former consumers of alcohol.

:i:ililiiii::
::;i::iiiiiii_Am d Epidemiol Vol. 143, No. 7, 1996
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iilii! ., ii!li1
_i:_!!i! TABLE 1. Alcohol usa and prostate cancer risk (odds ratio) by usual mount of alcohol consumed, Atlanta, Georgia; Detroit, =_:.M_I!

Michigan; and New Jersey (10 counties), 1986-1989

Usual Black White Total

alcohol bases/ OR*A" 95% CI* Cases/ eRr 95% CI OR:I: 95% CIuse controls controls

• il
Never used§ 941133 1.0 90/150 1,0 1.0

Drinks per week

_;i:: Any 385/461 1.2 0.9-1.7 412/571 1.2 0.9-1.7 1.2 1.0-1.5

iill :i <7 96/126 1.1 0.6-1.7 136/213 1.1 0.6-1;6 IA 0.9-1.4

::iliil 6-21 113/168 1.0 0.7-1.4 140/197 1.2 0.0-1.7 1;1 0.9-1.4
jii:i 22-56 119/118 1.5 1.0"2.1 92/124 1.2 0.8-1,7 1.4 1.0-1.8:

!!i_::: >57 54/48 1.8 1.1-3.0 42/37 2.0 1.2-3,4 1.9 1.3-2.7

p for Vend <0.01 <0.05 <0.001

Recent ddnker : '_

_: _7 57/78 1.2 0.7-1.9 105/165 1.1 , 0.6-1.6 1.1 0.6-1.5:]:i
::i:! 8-21 64/105 0.9 0.6-1.4 109/158 1.2 0.8-1.8 1.1 0;6-1.5

:::_ 22-56 67/73 1.4 0.9-2.2 63/93 1,1 0.7-1.7 1,2 0,0-1.7

>57 28/28 1.8 0.9-3.3 21/22 1.7 0.9-3.3 1.7 1.1-2.6

Former ddnker

il aw44 11 0.6-1e 26r l a 0.7-2.4 12 0.6-10
ii! 8-21 45/53 1.0 0.6-1.7 29/27 1.6 0.9-2.9 1.3 0.6-1.9

:_: 22-56 48/42 1.5 0.9-2.6 29/26 1.7 0.9-3.1 1.6 1.1-2.4

i_ i:_ >57 24/19 1.9 0.9-3.8 20/15 2.2 1.0-4.6 2.0 i.2-3.4::31i::

i_ ;_ * OR, odds ratio; CI, confidence interval.:::: ::::

:::i::_:: 1"Adjusted for age and study site.
_:_'i .1:Adjusted for age, ethnlclty, and study site.

§ Referent.

i!i;i;i!i For very heavy consumers of alcohol (57 or more Increased risk was most clearly evident in associa-
:::_ drinks per week), the risk was significantly increased for tion with moderate and poorly differentiated or undif-

those who had quit 2-9 years ago (OR = 1.8; 95 ferentiated tumors (table 2). Among heavy drinkers
percent confidence interval (CI) 1.0-3.4) and those who (57 or more drinks per week), risk for: advanced grade
had quit 10 or more years ago (OR = 2.3; 95 percent CI tumors (moderate, poor, and undifferentiated) was in-
1.1-5.0) (data not shown). The pattern of increased risk creased among blacks (OR = 2.0; :95 percent CI

i_:iii!:_: with increasing alcohol consumption was similar in 1.1-3.6) and whites (OR = 2.1; 95 percent CI 1.1-3.8)
i!i_ili!il' younger (less than age 65 years) and older men (data not (data not shown). Differences in risk by stage of
!iii!_iili shown), with risk increasing for those who consumed 57 disease, however; were less evident.

or more drinks per week, to odds ratios of 2.1 (95 percent The pattern of increased risk with increased con-
CI 1.3-3.4) and 1.7 (95 percent CI 1,0-2.9) for younger sumption was apparent for beer (X2_,d, p < 0.001)

_:_:_:_:_::_and older men, respectively, and liquor (X2t_.d, p < 0.001), but not for wine (table
!:!:!:]:[:]:

TABLE 2. Alcohol use and risk (odds ratio*) of prostate cancer by tumor grade and stage, Atlanta, Georgia; Detroit, Michigan;
i!_ii!i_ and New Jersey (10 counties), 1986-1989

:::::.,iiiiiii!i[ Tumor grade :Tumor stage:::::::::_ Ddnks

per Well differentiated Moderate Poor/undifferentiated Localized Regional/distant:.: :.:.:,:

i_iiiiii::li week

iiiiiiiiii;i cs. oR, c.. on 95 c, Cas.OR 95c, c=.s oR 95,.c, o, 95 c,.
Nonet 59 1.0 64 1.0 46 1.0 112 1.0 56 1.0
_'7 70 1.0 0.7-1.5 88 1.2 0.8-1.8 52 1.0 0.7-1,6 149 1.2 0.9-1.6 65 1.0 0.7-1.5
8-21 82 1.1 0.7-1.5 79 1.0 0.7-1.4 63 1.1 0.7-1.6 144 1.0 0.8-1.4 84 1,1 0.8-1.7
22-56 62 1.2 0.8-1.8 70 1.3 0.9-1.9 50 1.3 0.8.-2.0 124 1.3 1.0-1.6 63 1.3 0,9-1.9
;57 25 1.4 0.8-2.4 33 1.9 1.1--3.1 27 2,1 1.2-3.6 52 1.7 1.1-2.6 36 2.1 1.3-3.5

!:i_:::::_'i!;!_! * Adjusted for age, ethnlcity, and study site.
1"OR, OddS ratio;CI, confidence Interval.

$ Referent.

_ii:!:i:i:i
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ii!i!iiiiiii!il;ii:¸
i:i!!i!iiiiiii!i: Alcohol Use and Prostate Cancer Risk

iiiiiiiiii!ili_
:5::::::::::i_:_::_i_i_:::::: 3). The association for beer was strongerin blacks and DISCUSSION

i:iiiiiii:i_i: that for liquor in whites. Further analyses comparing Our results provide the first evidence of a dose-
ii::i!!!iiiii:drinking patterns for each beverage type, adjustingfor response relation between alcoholic beverage con-

- :::::::::::::::::::::the consumption of the other types, showed similar: Ii::ili!i:: sumption and risk of prostate cancer. Risk was simi-
i!iii::ii!:results, larly elevated in US blacks and whims. The population
!i_!:ii::i:_ In this study, no clear association for prostate cancer attributable risk, taking the prevalence of alcohol con-

: ii!ii:i: was seen with amount of tobacco use (11). The pattern sumption and the associated relative risks into ac-
iiii:: of increasing risk with increasing alcohol consumption
........ is also apparentin each subgroup defined by increas- count, was also similar for the two ethnic groups. Risk

L ing tobacco use (1-19, 20-39, and 40 or more pack- was more clearly,,evident for prostate cancer of ad-
years). In addition, the association of alcohol use with vanced grade, out

results were similar by disease3

' prostate cancer was substantively unchanged by sta- stage. Risk of prostate cancer was elevated regardless
tistical adjustment for other potential confounders that of the type of alcoholic beverage consumed, suggest-

i_::ili included education, income, body mass index, nonal- ing that the association is due to alcohol, not to some
:i,ii cohol caloric intake, fat intake, fruit and vegetable components of specific types of beverages. Nor did the

; ii_i consumption, history of liver cirrhosis, and family association appear to be connected with tobacco use,
, iilii history of prostate cancer, history of cirrhosis, or a number of other potential

iii: The population attributable risk for prostate cancer confounders. Risk did not decrease with discontinu-
i!ii:i::I associated with alcohol consumption was 14 percent ante of alcohol use, which implies that alcohol may be

= :i_:__:_ for blacks and 15 percent for whites. The attributable associated with early events in the development of this
• _ ::_: risks associated with consumption of 22-56 drinks per disease.

:::_: week were 8 and 3 percent and those associated with Although alcohol has not generally been considered
?:_ consumption of 57 or more drinks per week were 5 a risk factor for prostate cancer (2), our study suggests

- iii:i:: and 4 percent for blacks and whites, respectively, otherwise. Significantly increased risks of:prostate

ii i! TABLE 3. Alcohol use and prostate cancer risk (odds ratio) by type of alcoholic beverage, Atlanta, Georgia; Detroit, Michigan;
:! : end New Jersey (10 countlu), 1986-1989
: : , ......

i Usual Black White Total

:: :; alcohol Cases/ OR*A- 95% CI* Cases/ OR'I" 95% CI OR:I: 95*/,CI_cia- i use controls controls

rldif- :! ! Never used§ 94/133 1.0 901150 1.0 1.0
_ers : _:

:: _ Drinks of beer perfade _
!: ::: week

S in- il : <7 1371191 1.1 0.8-1.5 169/242 1.2 0.9-i.7 1.2 0.9-1.5
t CI i:: 8-t4 55/78 1.0 0,6-1,5 75/96 1,3 0.9-2,0 1.2 0.9-1.6
-3.8) i 15-28 55/54 1.5 0.9-2.4 50/64 1.3 0.8-2.1 1.4 1.0-2.0

_= Of :i: >-29 33/22 2.7 1.4-5.2 51/48 2.0 1.2-3.2 2.1 L4-3.1

i:!i i p for trend <O.01 <0.05 <0.001
con-

able _:_ week
i : <3 40147 1.3 0.8-2,2 90/117 1A 1,0-2,1 1.4 1.0-1.9
:::_:: 3-14 36/39 1.4 0.8-2.4 60/95 1.1 0.7-1.7 1.2 0.8-1.6
!i:_i >14 23/19 2.1 1.0-4.3 21/34 1:2 0,6-2.2 1.4 0,9-2.2

ilii::I :i p for trend 0.05 0.97 0.28J,

Drinks of liquor
per week

_7 111/134 1.2 0.8-1.8 178/248 1.2 0.9-1.7 1.2 0.9-1.6
CI 8-14 77/95 1.2 0.8-1.8 54478 1.2 0.7-1.8 1.2 0.9-1.6

::i::_!_ 15-28 68/81 1,2 0.6-1.8 50/64 1.3 0.8-2,2 1.3 0.9-1 .B
i.5 _::i_:i >_.29 71/66 1.6 1.0-2.5 51/48 2.6 1.4-4,8 1.9 1.4-2.7
1.7 _:i_iii
1.9 i:i:_ii p for trend 0.07 <0.01 <0.001
|.5 :! :i::::::

::.!:!:!:i:i * OR, odds ratio; CI, confidence interval.
_i::i:::iil 1"Adjusted for age and study site.
iiiiii!.ilil:! _:Adjusted for age, ethniclty,end study site.
i;:i:i:i;ii: § Referent.

ii?i?i!!!?i
996 !iiiiiiliiiiiii Am J Epidemiol Vol. 143, No. 7, 1996
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_:ii!;i!il 690 Hayeset al•

_:_i_i::i:_!cancer have been shown in a large cohort of alcoholics esophagus and pancreas and multiple myeloma was
from Denmark (6)and among alcoholics from Sweden also collected as part of this study, we could assess the
who were less than age 65 years, but not among those relation of alcohol u_ to cancer at these sites. There

iiiiiili!_ who were age 65 or older (7). In addition, a large was a strong association with esophageal cancer in
Japanese census-based cohort study (5) reported an both blacks and whites (40), a moderate association
excess of prostate cancer among men who were daily with pancreatic cancer (in some subgroups) (unpub-
drinkers of strong liquor. An Italian case-control study lished data), and no association with multiple my-
(12) that included substantial numbers of heavy drink- eloma (unpublished data). The lack of an association
ers of wine did not show an excess risk, and studies with multiple myeloma, a disease not connected to
with smaller numbers of heavy drinkers of alcohol alcohol use, supports the assumption that our results
showed either weak or no association between alcohol for prostate cancer were not caused by differential
use and prostate cancer (13-20). underreporting of alcohol use by the controls. This

Although the mechanisms of alcobol-related carci- observation is further supported by comparison with
nogenesis are unclear, it is plausible that alcohol may survey data on alcohol consumption patterns among
play a role inprostate carcinogenesis. As diet probably US men (41), who report less alcohol use than is
plays a role in prostate cancer (21), alcohol consump- indicated here for our control group.
tion might be related to prostate cancer indirectly In summary, we found that prostate cancer increased
through dietary effects, including nutrient displace- with increased consumption of alcohol. "laaerisk was
ment, malabsorption, and liver effects and related pa- similar for whites and blacks and could not be attrib-
thology (22). Early autopsy studies (23, 24), however, uted to tobacco use or toa number of other potential
found a lower prevalence of prostate cancer in cirrhot- confounders. Our study was unique in its large sample
ics than in controls, suggesting that physiologic size, which included substantial numbers of heavy
changes associated with cirrhosis may reduce prostate drinkers, but the observed associations will need to be
cancer risk. Given the prevalence of occult prostate confirmed in studies of similar scale.
cancer found on autopsy, these early findings should
be reexamined with attention to pathologic character-

ization of grade andstage• ACKNOWLEDGMENTS
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